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EKEESUKEDISTRIBUTEONSON!EUNCONICALBCID’YC@-~C

CROSSSEC~ONATMACHNUM8ER1.89

ByStephenH. Mwlen

Aninvestigationwascotiuctedtodeterminethepressure
distributionona conicalbodyofellipticcrosssectionata
Machnumberof1.89.Experimmtal.dataarepresentedfora range
ofanglesofyawfrm -16°to16°andanglesofat%ackfrom-10
to100.

. Astheangleofflowdeflectionwasincreased,thedeviation
frome~rimnt ofthetheoreticalpressuredii3tributionslightly
increased,althou@agreementwassatisfactoryovertheentire.
qe of*cUtiOnSO Comparisonoftiecqpleteequationfor
pressurecoefficient(thatis,theequationincludingallthepe-
rturbationvelooi~components)withtheeqmtionusuallyusedincon.
nectionwZththelinearizedtieoryiticatedthattietermusually
neglectedappreciablyalter the predictedvaluesofthe~essure
coefficient.Althou@thecompleteequationgavebetteragreement
withe~erimentfortheellipticconeinvestigatedthandidthe
Ilnee&izedequation,theoppositeresultwasfoumdwhena sitilsr
cmqe,risonwithtieexactresultsofZkylorandM3ccollwasmule.
Theexcellentagreementbetweeneqwrimnt
maythereforebefortuitous.

11’?ZRCIMJCTION

andlinearized theory

Atrcrsftdesigpers~e currentlyinneedofa reliablemeans
ofesthatingloadsonbodycontoursthatmightbeusedasfuse-
lagesofSupersonloairplmles.Severalmetldshavebeenatilable
forthetieorettcalcalculationofforcedistributionoverbodies
ofrevolution,aswellasconsidembleaqerimsntzd.dataforcheck-
ingsuchcalcuMtions(forexample,references1 to5). Recently,

& a theoretical.mthd forcalculatingthepessuredistiibutton
over conicalbodiesofnoncircularcrosssectionhasalsobecom
available(reference6).
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Ane~rimenta.1.tnvesti~tionwastiertakenat_&eNACALewis
la’boratomtoohecktheorethaloaloula.tionsfora conical.bodyof
elliptic
basedon

‘l!he

x,r, 8

a

P
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crosssection.
thelinearized

!iheresultsarecomparedwithcalculations
theorygiveninreference6.

SYMBOIS

followingsynibolsae usedinthisreport:

pressurecoefficient

constantproportionaltosourcestrength

M30hnumiber

slopeoflinesource

free-streamvelooity

withrespecttox-axis

radialperturbation-velocl~cmponent(cylindrical
Coofiinate)

axialperhrbation-velocitycomponent

perturbation-velooitycomponentparalleltofree-stmsm
direotion

-n~~ l?=~~tion-velocityccqcment(cyli*ioal
coordinate)

Cylimlrioalcoordinates

angleofattack,degrees

cotagentofM30han@e, @ -1

mtio of specificheats

= Posittonof line

angleofyaw, degrees

sourcemeasuredfrom e = u/2
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APRwmusANDZwcmUKE

me conewasnmmtedona supportbodyintheLewis18-by-
18-inchsupermmictunnel,asshowninfigure1. we supportbody
wasa sweptbackstintfastenedtothetunnelwallbymans ofa
locknut.Frm a previouscdilmation,thellachnumberinthevicin-
ityofthemodelwas1.89witha msximmdeviationof+0.5percent.

A sketchofthe modelshowingthedimensionsandthelocatim
ofthepressureorificesispresentedinfigure2. !lhebodywas
mmhinedofbrassandthenosewasfinishedtoa @ point.Ori-
ficesofO.010-inchdiameterweredrillednommltothebodysurface.

. Pressureswerephoto~phicallyrecordedona mltiple-tubemno-
mterboardusingtetrdbromethaneasa fluid.

!lhemodel,mountedasshowninfigure1,andthestrutwere
turnedtogetiertoobtaindataforthebodyinyaw. Inorderto
obtainthedesiredargleofattack,themilelwasrotated90°
relativetothestrutandtheanglewastied byturningtiestrut.
~ useofa vernier,theanglecouldbereadtowiiixi.n2.5minutes.
Pressureswererecordedevery0.5°uptoH60 an@e ofyawatan
&e ofattack& 0°and+10°a@e ofattackatanangleofwv of

●

A mthodofcalculatingthepressuredi@ributionabouta cone
ofarbitrarycrosssectionbymans ofa seriesoflinesourcesis
presentedinreference6. !&efollowlngperturbationvelocities
resultfromsuchsources:

&
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l-m~P2sin (0-5)
- r)*

I
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Thekdary oonditionof’theflowis

% ~ar % .% ~
u ()‘- r3FT-ZT=Z

From intefgxttkm d theBernoulli equationforisentropi.c
CcdficiedbecoDw3

flow, thepressure

(3)

(4) I

Cn
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Inconnectionwith
umallyapproximatedas
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thelinearizedtheory,thisrelationis

%’:n.2— (6)

~eoreticalcalculationsforseveralbodiesshowedthattiepres-
suredistributionspredictedbythetworelationswereenoughdif-
ferentthattheapproximateequation omits moretermsfromtheexact
relationthanis$ustifiedolherefore,althou@theuseofthe
exactrelationforthepressurecoefficientmaybemathematically
inconsistentwiththeappmximattcmsofthelinearizedtheory,it
hasbeenusedintietheoreticalcalculaticmspresentedherein,
exceptwhereotherwisenoted.

Forsystematiccalculationsofflowsatanglesofattackor
yaw,theprocedureoutlinsdinreference6 istootedious.A siqpler
meansistoconsidertieflowsli@tlyinclinedwithrespeotb the
x-axisratherthantomve thebodyrelativetothisaxis.Ws
procedureofturningthe.flowratherthanthebodyinobtainingthe
an@e-of-attdksolutionmeans-t tieI&ohconesaxeassumedto
followthebodymtherthantieflow.Althoughintheactualcase
the*oh camswouldfollowtheflowmorecloselythanthebody,
thisasmmptionwasmiletofacilitatenumericalcalculations.H’
theangleofattackoryawiskeptsmall,suchanassumptionshould
Mmihzcelittleemor. me bouxdamconditionwasobtainedinthe
mm mannerasinreference6.

Ur -()
lbu -Eu =
F% exx

-/===

‘c==
( 1 br
c-e+Fwsine )

(7)
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Zheadvantageofusingthis me+lmdisthatonesourcedistri-
butionmaybeusedforallanglesofattackoryawandtheonly
variablewiththeangleisthereforethestrengthofeachsource.
I&thezmore,forsmallanglesthestrengthofeachsouroewilLbe
llneaxlyproportiOXEJtotheangleofattackoryaw.

lhasmuchasthefree streamism longerintheaxialdirectim
relatlveb thebody,thePressure-coefficientrelations(equations(5)
and(6))nuzstbertised. ~eserelationsbec~

Y \

where

u=
u=’= +

tan2CG+ten2Y+l

Ur Cose -ue sine
+

(9)

Ursine+Uecose

II1 + cot2a sec2Y

(lo)
!I!hesourceconfigurationsusedtocalculatethepressuredistri-

buticmover%hetestbodyereshownin figure3. Foran@esofattack
andyawof00,sources1 to7 wereusedsadthestrengthsofsources1
dl 7~ 2 smd6,and3 and5wererespectivelyequal.Theseposi-
tionswerefoundwiththeaidoftherules@ven inreference6.
IMteadofguttingthesourcenearesttoa peakatthecenterof
creatureofthepeak,a betterapproximationistoplacethissomce
atthefocusofthepeek.Thisprocedureissimilartothatsome-
timesemployedinsubsonic-flowproblemssolvedby sourcedistribu-
tions.lbrangleofattack,sources1 to7 wereusedwithdifferent
strengths.Foren@e ofyaw>allthesowceswereused.Ihthis
case,thestrengthsofsuces 1 and7,2 and6,3 end5,8 and14,
9 and13,ad 10and12wererespectivelyequal.l%epositionsend
thenumiberofsourcesadaeaforyawwerearbi&arilychosen,except
tit thesourcescoulanotbeclosetothesurface.Withtheexcep-
tionof&is limitation,theaccuracyofthesolutionisinsensitive
to-KL changesinthepositionofsources8 to14.
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MpeMnentaldataforsevemlan@.esofyawandattackare
~es~tedinfigures4 and5. Theoreticalcalculationsbasedon
thelinearizedtheoryusingequations(8)and(9)forthepressure
coefficientarealsoshownforcomparison.me experimentalpoints
re~SOUlttie&V_ Ofthe~SSUreS&tCO~_~ 8t&tiOIlS
onthebcdy.Ihtawereobtainedforanglesofyawrangingfrom
-16°to16°andanglesofattackfrom-10°to10°. Schlierenobser-
vationitiicatedno shockseparationontheconeorinterference
fromtheshockcausedbythestawtovertherangeof anglesofthe
investigation.

Thelinearizedtheorgusing equation (8) agreeswelJ.withtitle
e~erimentalresultsformoderateaz@Lesofyaw(fig.4). Asthe
amglewasincreased,thed~atbn betweentheoryande~riment
&Li@tlyincreasedonthecompressivestaleoftiecone.Ontie
~ive Sidetieagremt remained e, which is to beeqeded
becauseana@Le ofyawof60correspmilstozeroflowdeflection
onthenddpointofIbisside.Zheincreasingvariationbetween
tlleaqyad.~t withincreasingflowangleisalsoillustrated
bythefactthattheagremntisbestovertheslenderestparts
ofthebody,thatis,thepartsofthebodythatleastdisturbthe
flow.

~son ofme effectsofus
Y

thecoqple%equationfor
thepressureccefficient(equation(8) withtieuseoftheMn-
earizedone(equation(9))showsthattievaluespredictedbythe
useofthelinearizedrelationareconsistentlyhi~, especially
whentheflowdeflectionislarge.

Thelinearizedtheo~usingequation(8)showsoloseagreement
withe~t throughouttherangeof&z@esofattackoverwhich
theexp~nts wereccmhcted(fig.5). Theexcellentagreement
betweentieoryd eqwrilnmtatanan@e ofattackof 100, especial-
lyatthestationG = -80°w&eretheflowanglewas28.50,~icates
thattheeffectofassumingthattheMachconesfoXlowthebody
ratherthantheflowIsnegligible.me Machan@e correspondingto
theerpe-tal Machnumberisabout320.

!L!hemriation of pressurecoefficientwithangleofattack
ata station2spredictedveryclose3ybythelinearizedtheory
usingequation(8)(fig.6). Zhelinearizedrelationforthepres-
surecoefficient(equation(9))aidnotshownearlyasgoodagree-
nmnttiti~eriment,nordiditcorrectlypredicttherateofchange
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ofpressurecoefficientwithangleofattickovera rangeofmwe
thana fewdegre9s.SimHarresultsforan@e ofyawereil.lustraWl
infigure7,wherelinearized*eoryusingtheccuqpleteequatia
for~essurecoefficient(equation(8))againcloselya-es with
we expe~ntal data.

!lhee~erimentdresults~esentedshawexcellentagremnt
withthelinearizedtheoryusingthecapleteequationforthepres-
surecoefficient(equatim(8)).H, however,a similarprocedure
isusedb c(xuparingthe~zed solutionfora riglrtcircukr
cme withtheexactvaluesofreference7,theresultspredictedby
thelinearizedtheoryusingthelinearizedpressure-coefficientrelat-
ion (equation(9))showbetteragreementwiththeresultsofZh@or
andMaccoll(reference7)thandothoseprediotedbytheccmqlete
relatl-.Becauseoppositeresultsareobtainedforthetwocases,
men thou@thesaawlinearizedtheoryisusedforboth,theexcel-
lentagreementbetweenthee~erimentalvaluesfortheellipticC-
and&e valuespredictedbytheIAnearizedtheorymaybefortuitous.

smMhRYaFREsuLTs

me follx resultswereobtainedfromsnimestigationof
thepressuredistatbuttonona &In conicalbodyofellipticaloross
sectionata Machnuniberof1.89:

1.Atmoderateaz@e offlowdeflection,thee~erinmrklpres-
suredts~lxrbionwasinclose~t withtielinearizedtheay
usingthecwlpleteequationfor~essnrecoefficient.As %6 angle
offlowdeflectiaincreased,tiedeviationfrm experimentofthe
theoretical~essurecoefficientincreasedsli@~ e2thougbagree-
mentwassatisfactorywer *6 entirerangeofcalculations.

2.C-son oftiecoqpleteequationforpressurecoefficient
wiihtheequattonusuallyusedinc~qtion withthelinearized
theoryindicatedthattheteaansemittedinobtainingthelinearized
equationweretoolargetobeneglected.hasmuchastheexact
resultsofTaylorandMccollfora rightcircularconeshowbetter
e~nt W* tieMtiz+ theom whenthe lineea-izedpresswe-
coefficient relatimis used‘&enwhenthecou@eterelationis
applied,whereastheoppositeresultwasobtainedinc-* the
-SW remts intiisreportwiththe linearizedtheory, the
excellentagreementbetweenthelinearizedtheoryandthee~eri-
mentalresultspresented~ befortuitous.

Lewismght PropulsionIMloratory,
NationalAdvisoryCozMtteeforAe~utics,

Cleveland,CMo.
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Figure3. - Crosssectionof testbody showingsourceconfigurationfor

theoreticalcalculations.
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